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Abstract — The object of research in this scientific paper is the treatment of waste generated by paper production in industrial 

landfills. In the part of the paper production process, i.e. in its subsystem for wastewater treatment, a significant amount of solid 

waste is generated, which ends up in industrial landfills. The reason for the impossibility of returning to the production process 

lies in the fact that the sludge contains larger amounts of moisture and present chemical components that are isolated in the paper 

production process or during wastewater treatment. In the experimental part of the paper, a “trial plot” was selected on which 

seedlings of the paulownia elongate plant were planted in the waste sludge. The process of plant growth was monitored for two 

years and bioremediation, i.e. transfer of elements from sediments to plants, was analysed by modern instrumental methods. Based 

on the results obtained by research, it can be said with certainty that Paulownia elongate can be used in bioremediation of areas 

where these sediments are deposited. 
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I. INTRODUCTION 

Throughout the pulp and paper production process, varieties of solid wastes are generated, such as dregs (insoluble impurities of green 

liquor originating in the melt dissolution tank), grits (unreacted lime during causticizing process), lime sludge (when the lime kiln is 

under maintenance), ash and sand from burning biomass, and sludge [1]. The latter can be classified as primary, secondary or tertiary, 

depending on the level of treatment required in the industry and the elimination degree of possible contaminants [2]. Waste from the 

pulp and paper industry is considered favourable for the incorporation of raw precursors into construction materials, such as concrete 

[3], mortars [4], bricks [5] and ceramics [6]. This contributes to reducing the consumption of natural raw materials such as are lime 

and sand, and in some cases, the improvement of technological properties is ensured pollution, etc... They usually contain a large 

amount of solids, which, if not separated, and released into rivers, very quickly cover the bottom of rivers, destroying fish and aquatic 

life that depends on food from the bottom of the river [7]. 

Papermaking is considered an industry that consumes a large amount of energy and threatens serious environmental pollution. 

Therefore, it is urgently necessary to determine how the paper production industry can achieve cleaner production and sustainable 

development [8]. Today, intensive efforts are being made to find a way to dispose of the waste generated in the paper industry [12]. 

One of the solutions that is often used is the incineration method, but this procedure causes technical problems [13]. Namely, it is 

mainly about raw materials with large amounts of moisture, as well as substances that are found in energy/waste and have an 

unfavourable relationship with the environment. One of the solutions can be depositing waste in suitable destinations and planting 

suitable seedlings, in this case Paulownia elongate, which has an exceptional ability for bioremediation [9, 10]. After depositing the 

resulting material in sanitary landfills, it is backfilled with a small amount of humus material and by planting plants that have a good 

bioremediation capacity, i.e. by creating bio parks. After a certain time, 6-7 years, the trees would be cut down and the leaves 

collected, and the material would be made into biofuel that would be burned in the cement industry. In this way, heavy metals and all 

other components produced in the paper industry that ended up in the filter cake would be extracted from the deposited material by 

bioremediation and incorporated into the construction material/cement. 
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II. MATERIALS AND METHODS 
The object of observation in this paper is the "Natron-Hayat" doo Maglaj factory located in Bosnia and Herzegovina, a highly 

recognized and respected European company in the field of production of various types of paper and paper packaging. The installed 

capacity of this company is based on the annual production of 94,000 tons of coniferous pulp and the processing of 50,000 tons of 

waste paper into 136,000 tons of various types of packaging paper. A part of the paper is used for own production of corrugated 

cardboard, cardboard and paper packaging [11]. 

 

Figure 1. Location of "Natron-Hayat" d.o.o. plant and equipment. Maglaj, Bosnia and Herzegovina (Source: Google Earth) 

 

 

In the mentioned process, technological wastewater from pulp production, technological wastewater from paper production and 

sanitary wastewater are generated. A wastewater treatment plant with a capacity of 48,000 kg HPK/day, 18,000 kg BOD/day, and 

20,000 kg SM/day was installed. The installed wastewater treatment plant includes pre-treatment of wastewater, primary treatment, 

biological treatment and sludge treatment. After pre-treatment, the wastewater passes through the primary treatment subsystem in the 

flocculation chamber of the primary sedimentation plant, where discrete organic and inorganic suspended particles are deposited, 

which are separated from the system in the form of sludge. 

 

Figure 2. The primary sedimentation tank 

 

After the primary sedimentation section, the wastewater enters the biological treatment subsystem, i.e. the activated sludge process. 

Today, it is the most widespread biological process for wastewater treatment. Microorganisms, mainly bacteria, protozoa and metozoa, 

are found on gelatinous flakes of sludge in the aeration pool, where with the help of oxygen, a concentration of 2 mg/l is sufficient for 

the process, in the process of microorganism metabolism, the decomposition of the substrate is ensured [11]. 
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Figure 3. Biological treatment of wastewater (bio aeration basins). 

 

Excess biological sludge is transported to the thickener, where it is mixed with the help of a grate mixer. From here, the excess sludge 

is further transported to the sludge tank. 

   

Figure 4. Thickener and sludge tank 

 

Purified wastewater at the point of discharge should meet the limit values defined by the valid environmental legislation in Bosnia and 

Herzegovina. The dependence of the value of chemical oxygen demand during, COD one week in the case with and without a paper 

production plant is shown in Figure 5 
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Figure 5. Dependence of the value of chemical oxygen demand during one week in the case with and without a paper production plant. 

 

From the data, it can be concluded that the COD values are lower when the wastewater from the paper production process is not 

treated. The dependence of the total suspended solids value during one week in the case when all the plants are working and when the 

paper production plant is not working is shown in Figure no. 6 

 

 
Figure 6. The dependence of the Total Suspended solids value during one week in the case when all the plants are working and when the paper production plant is not 

working. 
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As in the case of chemical oxygen demand, lower values can be observed for TSS when there is no wastewater from the paper 

production process. The dependence of aluminium sulphate consumption on the amount of suspended matter is shown in Figure 7. 
 

 
Figure 7. Dependence of aluminium sulphate consumption on the amount of suspended substances in wastewater. 

 
The consumption of aluminium sulphate is directly proportional to the amount of suspended matter in the wastewater. The trend of 

decreasing consumption is noticeable when the sub-process of paper production is not in operation. 

 
III. RESULTS AND DISCUSSION 

Quantitative and qualitative analysis of sediment samples from the filter press from the Natron Maglaj d.o.o. factory was obtained by 

emission spectrometry, on an ICP-OES Instrument, and the data are given in Table 1.  

 
TABLE I. Results of element concentration determination from Natron Maglaj d.o.o. 

Element CaO Al2O3 SiO2 SO3 Fe2O3 

Concentration, % 39.17 14.44 12.26 2.85 2.05 

 
Element MgO TiO2 P2O5 K2O Na2O ZnO 

Concentration, % 1.57 0.58 0.58 0.56 0.32 0.12 

 
Element Cl MnO ZrO2 SrO CuO NiO 

Concentration, % 0.12 0.11 0.08 0.06 0.05 0.02 

 
After analysing the sediment, a suitable plot was prepared for planting the Paulownia elongata plant. Seedlings of Paulownia elongate 

were planted directly in the substrate formed from the sediment formed on the filter press shown in Figure 8. 
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Figure 8. Prepared sediment for preparing the substrate for planting Paulownia elongata. 

 

An example planted area and seedlings of Paulownia elongate in filter cake substrate are shown in Figure 9. 

     
Figure 9. Seedling of Paulownia elongate in the substrate of the sludge produced in the paper factory 

 
During a vegetative process from April to November, the morphological characteristics of the seedling, the height of the plant, the 

number of leaves, the total area of the leaves and the thickness of the tree were monitored and the results are given in Table 2.  

 
TABLE 2. Morphological characteristics of seedlings during the vegetation cycle 

Morphological characteristics of the seedling April May June July August September October November 

The height of the seedling, cm 10 21 36,67 42 54 75,67 80 91 

Number of leaves that have grown 1 8 14 15,67 18 19 21 24 

Total surface area of the leaves, m2 - - - - 0,87 2,12 2,68 5,89 
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Paulownia elongate seedlings after five months of growth are shown in Figure 10. 

 
Figure 10. Paulownia elongate seedlings after five months of growth in a paper mill sludge substrate 

 
After the vegetative cycle was completed, the leaves and trees of the seedlings were collected and the higher end lover calorific values 

of individual samples were determined in the laboratory using the C-2000 calorimeter device.  

 
TABLE III. Higher end lover calorific values and total moisture of Paulownia elongate planted in the substrate formed from filter cake sediment. 

Higher calorific values, kJ/kg 18629 

Lover calorific values, kJ/kg 17582 

Total moisture, % 10,23 

 

Comparative elemental analysis of the seedlings with the reference sample that was not in the paper industry sludge compost is given 

in Table 4. The analysis was done using the X-ray fluorescence analysis (XRF) method. 

 

TABLE 4. Comparative analysis of Paulownia elongate seedlings planted in paper industry sludge compost and the reference sample 

Element 

Analysis of reference 

sample seedling (mg/kg) 

Analysis of Paulownia seedlings 

after growth in sediment, (mg/kg) 

Al 14,88 19,10 

Ba 10,53 16,16 

Ca 1935,98 4401,33 

Cu 10,76 15,66 

Fe 64,24 65,90 

K 5109,36 3016,66 

Mg 662,5 1936,66 

Mn 13,62 23,60 

Na 30,92 393,33 

Ni 3,89 3,10 

Sr 7,04 12,73 

Ti 1,77 0,46 

Zn 15,57 30,93 
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IV. CONCLUSION 
Based on the review of available literature and conducted experimental research, the following conclusions can be drawn: 

 In the process of paper and pulp production, waste water from pulp production, from paper production and sanitary waste water 

is generated 

 Analyses of coagulant consumption, i.e. aluminium sulphate, i.e. COD and TSS, are significantly lower when the paper 

production subsystem is not in operation. The consumption of aluminium sulphate is directly proportional to the amount of 

suspended matter in the wastewater. If the amount of suspended matter in the wastewater is high, it is necessary to increase the 

amount of coagulant in the equalization pool. Increasing the use of chemicals significantly affects the composition of the filter 

cake 

 The wastewater generated in the factory "Natron – Hayat" d.o.o. Maglaj is subjected to purification before discharge into the 

surface recipient. From the data obtained through experimental analyses, it can be concluded that they fully meet the legal 

provisions on the conditions for discharging wastewater into the environment. 

 

 By planting Paulownia elongate in landfills where there is sediment separated on filter presses, bioremediation of metals occurs 

already in the first year of vegetation, and this especially applies to the metals Ca, K, Mg and Na. 

 

 The morphological characteristics of Paulownia elongate seedlings enable the very rapid formation of bio parks and change the 

appearance of landfills. 

 

 The energy value of 18629 kJ/kg and the small amount of moisture in the seedling represent a good biofuel for the process 

industry, especially for the cement production industry where components from the sediment are incorporated into building 

materials. 
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